These clones were myelin basic protein, arachidonate lipoxygenase, hemoglobin ␣ chain, prealbumin, and ferThese interacting proteins were classified into several ritin light chain subunit. functional groups (Table 1) . Virtually all of the proteins identified are known to bind specific transmembrane proteins (TM): PSD-95, SAP102, SAP97, Chapsyn-110,
Kalirin-7 Interacts with PSD-95 In Vivo and In Vitro
In adult rats, the expression of Kalirin mRNA is restricted ZO-1, ZO-2, S-SCAM, spinophilin, PICK-1, X11, GIPC, syntenin, MUPP1. Many are proteins known to be synapto the CNS, and Kalirin-7 is enriched in the PSD fractions Figure 2C ). Negative controls included use of preimmune serum or antibody ployed two antibodies to detect Kalirin: a generic antibody recognizing all isoforms, designated "Kalirin-spec," blocked with antigen; under these conditions, PSD-95 and Kalirin-7 were not immunoprecipitated. and an antibody generated to the C terminus of Kalirin-7, which recognizes only this isoform, designated "KaliSince multiple forms of Kalirin were precipitated with the Kalirin-spectrin antibody, we used glutathione S-transrin-7" (Figure 2A ). To evaluate the distribution of total Kalirin-7 relative to total PSD-95 in each fraction from ferase (GST) fusion proteins to test whether PSD-95 bound specifically to the unique C terminus of Kalirin-7. a PSD preparation, we utilized Western blotting ( Figure  2B) . A significant portion of the total Kalirin-7 is present
We incubated an extract of the synaptosomal fraction of rat cerebral cortex with a GST-fusion protein that in the Triton-insoluble fraction (1-Triton-P) of a crude synaptosomal fraction. This fraction also contains the included only the C-terminal 30 residues of Kalirin-7 (GST-K7-CT) ( Figure 2D Kalirin-7 (Kal7-⌬CT) was used to evaluate the impor- Figure  6D ). These results indicate that Kalirin-7 is targeted to filopodia, and few "true" spines, as revealed by transfection with GFP alone (Figures 6C and 6D) (Figure 6B, arrows) . The dendritic shafts contained small puncta (pound sign), while large reduced its GEF activity (Liu et al., 1998). We expressed Myc-Kalirin-7-GEFKO in cortical neurons together with clusters that stained for Myc were often offset from the shafts (asterisk). Better visualization of neuronal mor-GFP ( Figures 7C and 7D) . In most neurons, Myc-Kalirin-7-GEFKO was expressed at lower levels than the phology with an antibody to GFP confirmed targeting of Kalirin-7 to dendritic protrusions (arrowheads). There other Myc-tagged proteins; we included in our study only those neurons expressing Myc-Kalirin-7-GEFKO at the Kalirin-7 transfected neurons expressed odd dendritic protrusions. Expression of Myc-Kalirin-7-⌬CT resulted in levels comparable to other Myc-tagged Kalirin proteins. Myc-Kalirin-7-GEFKO was detected in dendrites, but a significantly larger fraction of neurons bearing dense, aberrant neuritic filopodia on their cell bodies (Figure dendritic staining for Myc was weaker than in Myc-Kalirin-7-expressing neurons, indicating a potentially im-8B). The sizes of dendritic filopodia were also measured ( Figure 8C ). Kalirin-7-expressing neurons had more spinepaired dendritic trafficking. Myc-Kalirin-7-GEFKO staining was often ( Figure 7D, asterisks) , but not always, like structures with larger areas while neurons expressing Kal7-⌬CT or Kal7-GEFKO were similar to controls. present in the outer portion of the dendritic filopodia; however, the distribution of Myc-Kalirin-7-GEFKO was We also measured the linear density of spine-like structures on dendrites ( Figure 8D) ; neurons expressing Kalinot as clearly punctate as the distribution of Kalirin-7. The morphology of the dendritic filopodia on Myc-Kalirin-7 had an increased density of spine-like structures on their dendrites ( Figure 8D ). In contrast, the linear rin-GEFKO expressing neurons ( Figure 7D, arrows) is similar to that of control neurons. Thus, the GEF activity density of spine-like structures on the dendrites of neurons expressing Kal7-GEFKO was even lower than conof Kalirin-7 is important in its ability to alter dendritic morphology. trol neurons. In conclusion, overexpression of Kalirin-7 resulted in larger and more spines, while expression of To quantitatively evaluate the morphological features induced by Kalirin-7 and its mutants, we plotted the fracKal7-GEFKO resulted in fewer spines, suggesting that Kal7-GEFKO may be interfering with endogenous protion of neurons displaying unusually shaped or odd spinelike structures ( Figure 8A) . A significantly higher fraction of cesses regulating spine density. For each experiment, the optical density value for Rac1 activation g for 10 min and supernatants were incubated with 10 l Kalirinin the control sample was considered the reference, and the value spectrin antibody, preimmune serum, or Kalirin-spectrin antibody for Rac1 activation in each sample was divided by the value for the preincubated with antigenic fusion protein (GST fusion protein concontrol, yielding fold activation. For the samples expressing Mycsisting of Kalirin-spectrin repeats 4-7, 0.36 mg/ml). After 3 hr tumtagged proteins, the value for Rac1 activation was multiplied by the bling at 4ЊC, 60 l protein A Sepharose (30% slurry) was added ratio between the expression level of the Myc-tagged protein and and incubation was continued for 1.5 hr at 4ЊC. The mixture was the expression level of Myc-Kalirin-7. Since only a small fraction of centrifuged at 4000 ϫ g for 1 min, and the resin pellets were washed the total Rac1 is activated by transfection, compared to the total 4 times with 20 mM Tris-HCl, pH 7.5, 100 mM NaCl, and 1% Triton activatable Rac1 ( Figure 5A , lane 1), it is reasonable to assume X-100. Bound proteins were eluted by boiling the resin in 60 l 1ϫ that Rac1 activation is proportional to the amount of GEF protein SDS-PAGE loading buffer and analyzed by SDS-PAGE and Western expressed. blotting. 
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